Abstract. Background: specific polymorphisms of genes regulating intracellular redox balance and oxidative stress are related to atherogenesis. Some studies have identified a relationship between progression of atherosclerosis and C242T mutation in CYBA gene coding for p22
Introduction
A wide variety of pro-atherogenic functions have been attributed to elevated plasma and intracellular levels of reactive oxygen species (ROS), and include: altering the endothelial cell (EC) function, promoting macrophage infiltration, and promoting smooth muscle cell (SMC) dysfunction. The pro-oxidant theory regarding the development of atherosclerosis proposed and demonstrated that oxidative stress, which is often associated with elevated plasma lipid levels, induces EC dysfunction, accumulation of inflammatory cells, and a decrease in atheroprotective nitric oxide (NO) levels [2, 17] . Superoxide anion (O 2− ) is a ROS which reacts with NO, the most potent endogenous vasodilator which also has a well-known endothelium protective property, thus producing peroxynitrite, a strong oxidant [3, 16] . Furthermore, O 2− is involved in the oxidation of LDL, which promotes a robust inflammatory burst at the level of atherosclerotic plaques [8] . It has been proved that oxidants regulate and promote the expression of genes that are directly involved in the pathogenesis of atherosclerosis by binding to specific transcription factors, such as the nuclear factor (NF) kappa B. p22
phox is a subunit of the NADH/NAD(P)H oxidase system, a sophisticated enzymatic complex which represents the main source of O 2− in human blood vessels. The NAD(P)H oxidases of the cardiovascular system, which were first identified in phagocytes [9] , are membrane-associated enzymes that catalyze the one electron reduction of oxygen using NADH or NADPH as the electron donor. The p22 phox subunit (CYBA gene) is essential for the assembly and activation of the NAD(P)H oxidase, and plays a major role in NADPHdependent O 2− production in the vessel wall [22] . In addition to diet, physical activity, hormones, growth factors, and physical forces, the overall ROS production may be influenced by genetic factors. The CYBA gene demonstrates a common functional variant which results in a substitution of Tyr for His at residue 72 (C242T) of the p22
phox , that could disrupt heme binding at the active site [18] . The presence of the 242T allele exerts a dominant effect resulting in significantly reduced vascular NADH /NAD(P)H oxidase activity in both genotypes, i.e., heterozygous CT and homozygous TT [13] . Initial evidence links low levels of p22 phox in normal vessels to p22 phox up-regulation in subjects with atherosclerosis and hypertension [1] . On the other hand, CT and TT patients exhibited an increased rate of angiographic worsening (coronary vessels) at a mean 2.5 year follow-up after a baseline coronary angiography [6] . However, methodological factors and different definitions of disease end-points may have contributed to these controversial results. Therefore, uncertainty still remains over whether this p22 phox gene polymorphism actually influences atherogenesis and later steps of progression of coronary atherosclerosis. Thus, in an attempt to determine whether the phenotypic impact of p22 phox gene variation is associated with coronary artery disease (CAD) in Italy, we investigated the frequency of CYBA genotypes in a group of Caucasian Italians. The cohort was sub-divided on the basis of their coronary angiograms, and was made up of 276 patients with coronary atherosclerosis, defined as CAD Patients, and 218 healthy adults, defined as Controls. Since the genetic basis of CAD may have a direct effect on setting off the disease process, or a modifying effect on the development of the process once it has started, gene frequencies were also assessed according to single-vessel or multivessel disease as well as on the basis of age at clinical coronary artery disease onset.
Methods

Study population
We recruited 494 consecutive Caucasian Italians presenting at our University Hospital with typical chest pain (recent onset). They were referred to our Cardiology Unit to undergo coronary angiography. Angiographically documented CAD was found in 276 of them (CAD patients), while normal vessels were found in the remaining 218 subjects (Controls). Informed consent was obtained from all the participants, and the study was approved by the Ethics Board of the Genova University Hospital. Risk factor assessment included a physician-administered, pre-formed questionnaire about health behavior in order to acquire information regarding previous cardiovascular medical history, incidence of cardiovascular risk factors, and medication being taken at admission. Arterial hypertension was defined either by chronic treatment, or, with regards to untreated patients , by the finding of systolic blood pressure >160 mm Hg or of diastolic blood pressure >90 mm Hg on two consecutive measurements. Diabetes Mellitus was defined as fasting blood sugar >126 mg/dL, glycosylated hemoglobin >7.5%, or antidiabetic therapy; while hyperlipidemia was defined either by chronic treatment, or by serum total cholesterol >220 mg/dL. Smoking habit included subjects who were current cigarette smokers(>2 pack-years) or who had quit smoking but who had a previous habit >2 pack-years. Specially trained nurses measured height, weight, body mass index (BMI) (Kg/m 2 ) and blood pressure using a standardized protocol at our Institute. A history of premature ischemic heart disease was defined as a cardiac event taking place in a first-degree relative and occurring at a (relatively) young age [i.e., 55]. Subjects were excluded if there was consanguinity within the study population, chronic ( 6 month period) intake of antioxidants or of dietary supplements, or concomitant diagnosis of chronic co-morbidities (cancer, chronic renal or liver failure), since these conditions are likely to promote a robust alteration in the redox balance. Angiographic documentation of CAD in our study required the presence of at least one major epicardial coronary vessel with 70% luminal obstruction (CAD patients). Our CAD patients were further sub-grouped to detect whether the p22 phox C242T polymorphism represented a risk factor for a specific subset of these patients. This was done on the basis of age at clinical onset of ischemic heart disease ( 55 years and 65 years) , extent of coronary atherosclerosis (single vessel vs multivessel disease), and lesion severity (presence of at least 1 coronary vessel with a 98% lesion). Our choice of the two age-based subgroups ( 55 years and 65 years) is arbitrary and only reflects our effort to separate patients with true premature onset of clinically overt coronary atherosclerosis from those without it. Controls were defined as healthy adults with normal coronary arteries at angiography, or as having vessels containing irregularities causing <70% reduction in lumen diameter.
Genotyping
The CYBA genotypes were analyzed on genomic DNA that was isolated from 10 mL EDTA anticoagulated peripheral blood. Genotyping was performed by a polymerase chain reaction (PCR)-based method. Briefly, we carried out PCR amplification of a 348 bp fragment from our study subjects using primers, as described elsewhere [14] . Restriction fragment length polymorphism (RFLP) was used to analyze this polymorphic site in the p22 phox gene. The C→T mutation in exon 4 of the CYBA gene produces a RsaI digestion site that makes 188 and 160 bp fragments, whereas RsaI does not cut the PCR product in the wild type. The digestion products were separated on a 2.5% agarose gel, and bands were measured with an image analyzer system (GeneGenius Syngene Cambridge, UK) and referred to a standard molecular weight ΦgX174 Marker 9 (MBI Fermentas, Milano, Italy).
Statistical analysis
Data regarding age, BMI, serum fibrinogen, protein and HDL-cholesterol plasma values are presented as mean ± SEM. Differences between demographic details and categorical data in Table 1 were assessed by unpaired Student's t test and by Fisher's exact test. Analysis of variance (ANOVA) was used to assess the association between genotypes and baseline characteristics. Chi-square analysis was used to test deviations of genotype distribution from Hardy-Weinberg equilibrium, and to determine whether there were any significant differences in allele or genotype frequencies between CAD patients and Controls. The criteria for statistical significance was set at p < 0.05. 
Results
Baseline genotype in relation to
The presence of the C242T allelic variants in the 494 study subjects (either as a whole, or sub-divided into CAD patients and Controls) had no effect on the mean plasma levels of LDL-cholesterol, total cholesterol, triglycerides, or on the incidence of major cardiovascular risk factors (personal history of arterial hypertension, of hyperlipidemia, of diabetes mellitus, smoking status, or family history of ischemic heart disease) (data not reported).
Baseline genotype in relation to CAD status
When genotype results were stratified by CAD status (Table 2) , we found an increased prevalence of the CT/TT genotype in CAD patients as compared to Controls, with a T allele frequency respectively of 0.400 and of 0.332 (p < 0.01).
Genetic polymorphism related to pattern of CAD
Next, we examined whether the frequency of the C242T mutation among CAD patients differed between those with single vessel (n = 121) and those with multivessel (two or three stenosed vessels; n = 155) disease. We found no significant relationship between CT/TT genotype and the extent of CAD (p = N S). With regards to the pre-defined criteria of CAD lesion severity ( lesion 98%), we demonstrated that more CAD patients with the CT/TT genotype (n = 110/154) had severe stenotic lesions than CAD patients with the CC genotype (n = 44/154) (p < 0.05), as reported in Table 3 . 
Genetic polymorphism in CAD patients as related to time of onset of clinical coronary artery disease
Lastly, we observed that within the subgroup of CAD patients with single vessel disease, those with early clinical onset of ischemic heart disease (n = 36: age 55 years) had a significantly increased prevalence of CT/TT genotypes as compared to patients with late onset of ischemic heart disease (n = 48: age 65 years) (χ 2 = 5, 404; DF = 1; p < 0.05) ( Table 4 ).
Discussion
Over the last few years, it has been shown that in addition to proteins and lipids, even simple chemical molecules, such as O 2− and other ROS work as molecular switches for physiological and pathological cellular processes such as growth, migration, inflammation and apoptosis. Thus, regulation of vascular NAD(P)H oxidases, which are a source of O 2− , is potentially relevant to atherogenesis and to the progression of atherosclerotic lesions. Berry demonstrated that NAD(P)H oxidases and xanthine oxidases were a relevant source of O 2− in arterial vessels [5] . The p22 phox protein is essential for the assembly and activation of the NAD(P)H oxidase, and furthermore, it plays a major role in NAD(P)H-dependent O 2− production in the vessel wall. We initially concentrated our efforts on characterizing the C242T polymorphism because p22 phox expression in vascular tissue was found to increase as atherosclerosis progresses. Along the same lines, Schächinger demonstrated that the C242T poly- morphism plays a role in regulating the endotheliumdependent vasodilator function. He suggested that there may be a link between a blunted flow-dependent dilation within normal and diseased vessels and the presence of the allelic CC genotype in 93 patients referred for routine diagnostic catheterization [19] . Accordingly, we decided to test whether the genetic "protective" effect of carrying T alleles was relevant with regards to decreased coronary atherogenesis and progression of atherosclerosis in a group of Caucasian Italians. Family studies are more powerful than transversal observations which include cases (CAD patients) and control subjects (Controls) [20] . We chose a Case-controllike study, even though vulnerable to spurious result, on account of the criteria we used to define the CAD phenotype for our study, i.e., angiographically documented coronary disease. Strikingly, our data suggest that: 1) bearing the CT/TT genotype is significantly associated with the presence of coronary atherosclerosis in our population; and that 2) among CAD patients, the CT/TT genotype is also associated with premature onset of coronary atherosclerosis and with a more frequent finding of at least one 98% stenosis in a coronary vessel.
Genetic polymorphism and angiographic parameters
The finding that the T allele is related to worse coronary anatomy in our Italian subjects was unexpected. It is tempting to speculate that while enhanced production of ROS in the vascular endothelium is relevant to early atherogenesis, ROS generation may play a different role in later steps of atherosclerosis. Reduced ROS production (associated with carrying T allele) in the diseased vessels of patients with CAD may be sensed as a signal for reduced vascular SMC survival. In fact, some studies suggest that elevated ROS levels, and specifically O 2− , are mitogenic to SMCs and stimulate pro-survival kinase systems, thus acting as both antiapoptotic and intracellular signaling molecules in order to maintain proliferation [2, 11] . SMC-depleted plaques are more prone to progression through erosion or disruption of their caps [4, 21] . If we consider that plaque progression is associated with clinical manifestations of coronary atherosclerosis, and that thicker fibrous caps protect against contact with the blood, then the decreased number of SMCs associated with reduced intracellular generation of ROS in subjects with lower NAD(P)H oxidase activity may be viewed as a potentially dangerous mechanism in a stage of progression towards occlusion in coronary vessels. Recently, the knock-out mice for a subunit of the NAD(P)H oxidase complex (p47 phox ) exhibited an exacerbated pattern of inflammation as compared to the wild-type mice [23] . Our finding of an increased number of CAD patients with 98% lesion in carriers of T allele is in line with this interpretation, and suggests that this polymorphism is associated with a specific pattern of CAD development. This data is consistent with a previous report which demonstrated increased angiographic progression of CAD at 2.5 years, associated with the presence of this mutant allele [6] . In that study, the CAD population consisted of 313 subjects of the LCAS study. Those CAD patients had at least one coronary lesion causing 30% to 75% stenosis [6] . Similarly to what was reported by Cai et al. [7] in 689 Australian Caucasians, we were able to demonstrate that our Caucasian Italians with early clinical onset of ischemic heart disease were more frequently carriers of the T allele than late onset patients. Since the chance of a genetically-related component of CAD risk is more likely to trigger the disease at an early age, our observations imply that the C242T polymorphism is not neutral for the clinical expression of early onset CAD. Our data, together with those reported by Cai et al. [7] and by Cahilly et al. [6] , are in contrast with previous investigations which highlighted discrepancies regarding the vascular risk related to carrying T alleles. In fact, Inoue et al. reported that carrying T alleles has a protective effect on coronary risk [14] , while Gardemann et al. [10] and Li et al. [15] did not confirm this finding. Ethnic variation definitely plays a role in different genotype frequencies among these studies. Further confirmation of our findings is needed to understand whether p22 phox modulation is an important mechanistic target that needs to be explored in order to develop novel therapeutic options to fight the progression of atherosclerosis.
Limits of the study
Our study includes results that were derived from subgroups with small numbers of subjects, thus lacking power. Larger study groups of CAD patients with premature clinical coronary atherosclerosis are required. There is a lower likelihood among younger patients that certain genotype combinations associated with impaired survival can introduce a bias in the prevalence estimates of genotypes. Complementary strategies that we intend to apply also include performing prospective gene-association studies, in which unrelated healthy Caucasian Italians will be prospectively followed-up over the years to establish whether this p22 phox polymorphism is associated with a different incidence of cardiovascular events.
